We performed an HTLV epidemiological study of 986 individuals from 17 villages from the same state of Salvador, the city with the highest HTLV-1 prevalence in Brazil. The HTLV-1 prevalence was 3.85%, 1.56%, and 1.23% in three villages. Phylogenetic analysis of the LTR region demonstrated that all positive samples analyzed belonged to the Transcontinental subgroup of the HTLV-1 Cosmopolitan subtype. Three of the new HTLV-1 sequences formed a well-supported clade within one of the Latin American clusters that contain a South African sequence. This Latin American cluster that segregated from the same ancestor as the other clade contained a Central African sequence. This ancestral relationship could support our previous report that suggests that this subgroup was first introduced into South Africa as a result of the migration of the Bantu population from Central Africa to Southern Africa over the past 3000 years, and afterward to Brazil during the slave trade between the sixteenth and nineteenth centuries.
To gain further insight into the history of HTLV-1 in the state of Bahia, we carried out a molecular epidemiological study in villages surrounding eight towns in the state.
This study was approved by the Committee of Ethics in Human Research as part of the project "Quality of water and health: evaluation and impact in the semi-arid region of Bahia state."
Our study was run in the towns of Campo Formoso, Jacobina, Juazeiro, Mirangaba, Morro do Chapéu, Umburanas, Várzea Nova, and Ourolândia, all located in the São Francisco river basin in Bahia (Fig. 1) . The participants in the project signed an informed consent and minors under 18 years participated only with the consent of a responsible adult. To investigate the HTLV-1 seroprevalence, we collected blood samples from 986 individuals from 17 localities: Laje dos Negros (97), Pacuí (115), Abreus (56), and Curral Velho (89) from Campo Formoso; Caatinga do Moura (61) and Salinas (49) from Jacobina; Alegre (64), Junco (81), and Campo dos Cavalos (89) from Juazeiro; Taquarendi (104) from Mirangaba; Tamboril (78) from Morro do Chapéu; Delfino (90) from Umburanas and Barriguda de Cima (10); and Sede (3) from Várzea Nova.
All samples were submitted to ELISA (ORTHO HTLV-1/ HTLV-2) and Western blot (HTLV WB 2.4; Genelabs Diagnostics, Singapore). The HTLV1/2 pol gene nested polymerase chain reaction (PCR) was performed in the indeterminate samples as previously described. 16 DNA from five reactive samples was extracted from total blood using the QIAGEN kit (QIAamp DNA Blood Kit) and the nested PCR of the HTLV-1 long terminal repeat (LTR) region was performed. 13 The LTR amplification products were purified using the QIAquick Gel Extraction kit (Qiagen) and sequenced directly on an automated 3100 genetic analyzer (Applied Biosystems Inc., Foster City, CA) using the same inner primers. The new LTR sequences and selected reference sequences downloaded from the GenBank/EMBL database were aligned using the ClustalX software, 17 and manually edited using the GeneDoc program. 18 Phylogenetic trees were generated using the neighbor-joining (NJ) and maximum-likelihood (ML) methods of PAUP* software version 4.0b10. 19 The Tamura-Nei evolutionary model with gamma distribution was selected as the best model (alpha parameter ϭ 0.5124) using the Modeltest 3.7 software. 20 The NJ tree was constructed with an optimized nucleotide substitution rate matrix and a ␥-shape parameter, using empirical base frequencies. The reliability of the NJ trees was assessed by analyzing 1000 bootstrap replicates. For ML trees, a heuristic search was performed using the NJ tree as a start, including its optimized parameters. The likelihood ratio test method was used to calculate the statistical support (expressed in p-values) for the branches. Trees were drawn with TreeView, version 1.4. Means of genetic distances among HTLV-1 isolates were measured using the Tamura-Nei substitution model, implemented in the Mega3 software. 21 The HTLV-1 prevalence rates in the three villages (Taquarendi, Junco, and Alegre) were 3.85% (4), 1.23% (1), and 1.56% (1), respectively. No sample was positive for HTLV-2. The mean age of the infected individuals was 44 (16-57) and five of them were women. The only infected man (VSF310) had received three blood transfusions, and his exwife was also HTLV-1 seropositive (VSF279) and her mother was HTLV seronegative. One of the six blood samples was not sufficient for DNA extraction and molecular analysis.
The phylogenetic analysis classified all isolates as the Transcontinental subgroup of the Cosmopolitan subtype with a bootstrap of 73% and also ML branch length statistical support (p Ͻ 0.001) (Fig. 2) . Three of them were grouped in the Latin American cluster B with bootstrap support of 78% and p Ͻ 0.001 in ML. Within this cluster we observed an isolate from South Africa (HTLV24). Furthermore, this monophyletic group shares a common ancestor with a Central African isolate from the Cameroon (2472LE), in spite of the lack of bootstrap value and p value in the branch that connects the two referred monophyletic groups. One of the sequences was not grouped inside the Latin American clusters, and another was classified in Latin American cluster A, with no bootstrap support, but statistically significant in ML (p Ͻ 0.001).
The mean diversity in the São Francisco river basin sequences was 1.3%, and among them and other Brazilian sequences it was 1.5%. Comparing the VSF273 sequence with all the sequences of the Latin American cluster A and B, we REGO ET AL. 674
FIG. 1.
Bahia state map highlighting the geographic location of the study region in the São Francisco river basin. identified 1.5% and 1.4% of mean diversity, respectively. The mean diversity observed when we compared the sequence from the isolate VSF287 with all other sequences of the Latin American cluster A was 0.7%. In addition, comparing the three new sequences of the Latin American cluster B with all other sequences of this cluster, we found a mean diversity of 1.0%.
Our results suggest that HTLV-1 infection is spreading from Salvador to other regions of the state of Bahia. This is corroborated when we compare the prevalence rate between Salvador 15 and the three villages, 1.23-3.85%, and also when we observe the presence of the sequence from the isolate FNN148 from Salvador in the phylogenetic tree topology in the Latin American cluster B, segregated within three new sequences from São Francisco villages (Fig. 2) . Therefore, the HTLV-1 seroprevalence rate, described in this study, could be underestimated in these populations, as we screened only a small number of samples from each village. A seroepidemiological inquiry would therefore be necessary to confirm this observation. Because of the frequency of HTLV-1 infection and the severity of the associated diseases, it should be considered a public health concern in the state of Bahia and action to limit its spread should be taken.
The phylogenetic analyses also suggest horizontal transmission between two individuals from Taquarandi (VSF310 and VSF279), but further analyses are necessary to confirm this hypothesis. Given these results, we conclude that HTLV prevention campaigns are important in this region.
Our study confirms, as previously described, 13, 22, 23 that the HTLV-1 Transcontinental subgroup of the Cosmopolitan subtype is also the most prevalent strain in Brazil. The presence of HTLV-1 LTR sequences from Bahia in different clusters in the phylogenetic tree suggests multiple introductions of HTLV-1 in our population, as previously described. The isolate VSF273 was not clustered into the described Latin American groups, supporting our previous studies suggesting that the Brazilian HTLV-1 isolates are the result of multiple post-Columbian introductions in our country. This post-Columbian introduction hypothesis could also be supported by the close relationship among some HTLV-1 Latin American strains, including our new sequences and the new Peruvian sequences, 24 with some South African strains.
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FIG. 2.
Rooted neighbor-joining tree of 79 HTLV-1 strains based on a 613-bp fragment of the LTR region. The bootstrap values (Ͼ60% and using 1000 bootstrap samples) on the branches represent the percentage of trees for which the sequences located at the right end of the branch form a monophyletic group. Mel5 was used as an outgroup. The geographic origin is given in parentheses. Newly sequenced LTRs included in this analysis are in bold. The ML method was highly statistically significant (**p Ͻ 0.001) or statistically significant (*p Ͻ 0.005), respectively.
In our previous publications 13, 23 we suggest that the introduction of this subgroup is most probably the result of the migration of the Bantu population in the past 3000 years from Central Africa to Southern Africa, giving rise to the Zulu people, or due to a more recent migration (less than 300 years ago) to the gold mines in South Africa.
Our new HTLV-1 isolates were characterized by low diversity levels in the LTR region. The results also suggest a recent introduction of this virus in those regions, lending support to previous studies suggesting the post-Columbian introduction of this virus in Bahia through the slave trade from South Africa between the sixteenth and nineteenth centuries.
This seems consistent when we observe that one sequence from the Central African region and another from Chile share a common ancestor that segregated within the Latin American cluster B, which also has a sequence from South Africa in the tree topology.
African people from Bantu-speaking areas were the first slaves to be exported on a large scale to Bahia, bringing with them their strong cultural heritage still present in the language, religion, folklore, and customs of Bahia today. Although the majority of the Africans brought to Bahia during the slave trade came from West Africa (Benin, Nigeria, and northern Angola), there is evidence that slaves were also brought from other regions of the southern African continent (e.g., Madagascar, Mozambique, and southern Angola). Therefore, infected South Africans could have introduced the HTLV-1 Cosmopolitan subtype of the Transcontinental subgroup into Salvador and possibly into other areas in the Latin American continent. A possible connection with other Bantuspeaking groups should be investigated by analyzing more HTLV-1 isolates from Central Africa.
Sequence Data
The GenBank accession numbers of the new HTLV-1 fragments included in the phylogenetic study were as follows: EF672333, EF672334, EF672335, EF672336, and EF672337.
